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Abstract 

We give two examples of spiral galaxies that show non-circular gas motions in the 
inner kiloparsecs, from SAURON integral field spectroscopy. We use harmonic de- 
composition of the velocity field of the ionized gas to study the underlying mass 
distribution, employing linear theory. The higher order harmonic terms and the 
main kinematic features of the observed data are consistent with an analytically 
constructed simple bar model. We also present maps of a number of strong ab- 
sorption lines in M 100, derive simple stellar populations and correlate them with 
features in the gas kinematics. 
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1 Introduction 



Although circular rotation is the dominant kinematic feature of galactic disks, 
it is clear from observations and theory that in many galaxies non-circular 
motions are also present (e.g. Freeman et al. 1965, Shlosman et al. 1989). 
Non-axisymmctric motion can, in fact, be a crucial ingredient in determining 
the evolution of a galaxy, by triggering star formation, or by building a central 
mass concentration. 

We know that many galaxies show non-axisymmetric mass-distributions: near- 
infrared photometric studies show that at least 70% of the galaxies in the 
nearby Universe show strong or weak bars (Eskridge et al. 2000, Knapen et 
al. 2000a). Such asymmetric features in the mass-distribution will produce 
non-circular motions, although also other effects, such as interactions with 
other galaxies, can cause them. Gas, being more responsive to perturbations 
and instabilities than stars, will show these non-circular motions more easily. 
Athanassoula (1992) shows how gas streaming manifests itself in galaxies with 
strong bars. Her calculations show that one can use the motion of the gas, as 
measured in two dimensions, to derive information about the mass distribution 
in galaxies, especially if these are relatively isolated. This has not been done 
very often in the literature up to now, since good, high resolution data is 
scarce, and up to recently a good theoretical framework was lacking. 

Recently, Wong, Blitz & Bosma (2004) have quantified the strength of bars 
and spiral arms using HI and CO velocity fields of a number of nearby galaxies. 
They used a harmonic decomposition formalism developed by Schoenmakers 
et al. (1997), and compared the results with analytical models. Here we do the 
same with much higher resolution optical emission line data, obtained with 
the Integral Field Spectrograph SAURON, for NGC 5448, an early-type spiral 
galaxy. More details can be found in Fathi et al. (2005; F05). 

From the SAURON data one can not just measure emission hues, but also 
absorption lines. In the second part of this paper we present absorption line 

maps of the central regions of MlOO, together with some simple stellar pop- 
ulation models, recently published by Allard et al. (2006; A06). Absorption 
lines, contrary to integrated colours, are relatively insensitive to dust absorp- 
tion, so that more accurate ages and other stellar population parameters can 
be obtained. 

In the future we plan to perform a harmonic decomposition (also called kineme- 
try, see Krajnovic et al. 2006) on the full sample SAURON early-type spirals, 
presented in Falcon-Barroso et al. (2006), and analyse statistically the non- 
axisymmetric motions in the centers of nearby spirals. 
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2 A beir signature in the gas velocity field of NGC 5448 

In Fig. 1 we show the observed velocity field of NGC 5448 from the [OIII] 
emission fine at 5007A. Clearly visible is the streaming at the bottom right 
and top left. Decomposing the velocity field into Fourier harmonic components 
using 

k 

V\os = Vsys + X) (cn(-R) COS ml) + Sn{R) siu n^fj) sin z, (1) 

n=l 

where A;=3, c„ and s„ give us information about the nature of the perturba- 
tions. As mentioned in F05, Ci, C3 and S3 give information about possible m 
= 2 perturbations. These coefficients are plotted in the figure, along with an 
analytic bar model, which shows how well such a model can reproduce the 
complex observations (for details see F05). At the bottom left we show the 
normalized Si vs. S3 term. A negative slope in this diagram shows that the 
velocity field indicates the presence of a bar, and not a warped disk. 

Another galaxy with strong non-axisymmetric gas motions in the central re- 
gions is M 100 (NGC 4321). Knapen et al. (2000b) present an Ho; image with 
strong streaming motions, and model it with a numerical model. Wong et al. 
(2004) perform a harmonic Fourier decomposition. In AUard et al. (2006) we 
show that the [0111] map of MlOO accurately reproduces the non-axisymmetric 
features, and that these features are also found in the stellar kinematics. 

These two cases show that the SAURON data are well suited to measure bars, 
purely on the basis of the kinematics. The kinematics offer an easier way, as 
opposed to imaging, to measure the bar potential, and give usable results even 
in the presence of considerable dust extinction. 



3 Stellar populations in the inner regions of M 100 

SAURON not only produces maps of emission lines, due to ionized gas, but 
also absorption line maps for some strong lines. In Fig. 2 we show H/3, Mg b 
and Fe 5015 lines, derived in the Lick system (Worthey et al. 1994). To obtain 
these maps, one has to remove the emission lines first (see Sarzi et al. 2006). 
The maps show that the center of M 100 is relatively old. Going outwards, 
a very young ring follows, after which there is a region with stars of about 
10^ years (see A06). On the right side of Fig. 2 wc show several regions in 
and around the ring in a plot of MgFe50 (= (Mg b x Fe5015) against H/3, 
together with SSP models of Bruzual & Chariot (2003). In general, the models 
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Fig. 1. Top row, from left to right: observed SAURON ([OIII]) gas velocity field 
of NGC 5448; reconstruction based on the harmonic decomposition; residual field 
(data - harmonic reconstruction); and the analytic bar model, which best repro- 
duces the main kinematic features of the observed gas velocity field. Middle and 
bottom row: (right) the harmonic parameters as a function of radius of each ring, 
where v* = ci sini. The over-plotted red filled circles are the analytically calculated 
first and third harmonic terms for the bar model (the second terms are zero by con- 
struction), (left): first vs. third sinusoidal harmonic term, showing the applicability 
of our bar model (from F05). 

are able to fit the data. In some places in the star forming ring, however, at 
MgFeSO < 2 A SSPs are not able to explain the observations any more. Here 
a solution would be a mix of a 1.5 Gyr old stellar population and one of more 
younger bursts. Such a picture ties in extremely well with the theoretical and 
numerical understanding we have of the nuclear ring zone in MlOO (Knapen 
et al. 1995). When one looks in detail, the youngest stellar populations are 
found at the contact points between the ring and the dust lanes. More detailed 
modelling of the stellar populations in this galaxy is done in A06. 

Another indication of how complex the stellar populations and the distribu- 
tion of the interstellar matter in the inner regions of M 100 are, is shown 
in Fig. 3. Here we show Spitzer Space Telescope (SST) images at 4 different 
wavelengths. At the shorter wavelengths (3.6 and 4.5yum) the maps look like 
the 2.2//m map of Knapen et al. (1995), showing the nuclear part of the bar. 
These maps are relatively free of dust extinction. At larger wavelengths (5.8 
and 8/im) the emission comes mostly from tiny dust grains and polycyclic 
aromatic hydrocarbons (PAHs). These latter maps show especially the star 
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Fig. 2. (Left:) Absorption line maps of (a) H/3, (b) Mg b and (c) Fe 5015. (Right:) 
H/3 against MgFe50 in the central regions of MlOO for several apertures (see inset 
for their location, relative to the H/? emission map). The solid line shows the track 
for an SSP starbm'st model, with indicative ages shown in red. The dashed line 
shows the track for a continuous starburst model with a constant star formation 
rate. From A06. 

formation regions, similar to the 5-band image of Knapen et al. (1995). A 
comparison of the exponential scale lengths of bulge and disk between several 
optical wavelengths and the 3.6 iJ,m gives almost identical values, reinforcing 
the conclusion by Beckman et al. (1996) that the galaxy does not contain 
much dust, except in localised areas. 



4 Discussion and Conclusions 

In the previous sections we have shown two applications of integral field spec- 
troscopy aimed at understanding the nature of the central regions of spiral 
galaxies. We show that, in contrast to long slit spectroscopy, we can detect 
streaming motions of the ionized gas, and use them to measure the poten- 
tial. Although something similar can also be done from the photometry, there 
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Fig. 3. ^ST IRAC 3.6, 4.5, and 5.8 /im images of the central regions of MlOO, as 
well as the dust only 8/im image (see A06). The nucleus of the galaxy is indicated 
with a cross. 

are more assumptions involved here, since one has to look through the dust, 
and make assumptions for M/L ratios as a fuction of position. In a galaxy 
like MlOO, where the stellar populations are strongly varying, estimating M/L 
purely from colours and absorption line strengths will not be easy at all. Up 
to now we have only analyzed the Sa galaxy NGC 5448 in detail. Once we 
have analyzed the full sample of Falcon-Barroso et al. (2006) we will be able 
to derive statistics on the number of bars, and their strengths, based for the 
first time on kinematic data. These statistics will be important, among other 
topics, in assessing whether AGN activity is related to the presence of bars 
(e.g., Shlosman et al. 1989). 

In the second application we show line strength maps of a galaxy with a cir- 
cumnuclear ring. Since most Sb galaxies are very dusty in their inner regions 
one cannot learn too much from broad band colours, unless the galaxy has a 
special orientation (e.g., Peletier et al. 1999). From three line strength maps 
we find that the galaxy has zones with different ages. In the ring itself we 
show that apart from the young stars there is also an underlying old stellar 
population. M 100 is a beautiful case where many phenomena can be seen that 
play a role in the inner regions of spiral galaxies. The outer and inner parts of 
its bar have been detected both in near-IR (ground-based and Spitzer) pho- 
tometry and in the gas kinematics, and a ring separating the two. Abundant 
star formation occurs within and near the ring, with 2 hot spots at the end of 
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the inner bar. Young stars are formed where the velocity dispersion of the gas 
is low (Allard et al. 2005). At present we arc studying the stellar populations 
of the sample of Sa galaxies of Falcon-Barroso ct al. (2006) in the same way. 
Many galaxies of that sample show young stellar populations in circumnuclear 
rings or disks, showing that for most galaxies the central regions are not dom- 
inated by a bright, old stellar bulge. More details can be found in Peletier et 
al. (in preparation). 
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